returned to baseline by 3 months. A mean baseline EPIC-26 irritative/obstructive score of 87.7 decreased to 74.1 1-week post-SBRT (p < 0.0001) and 77.8 1-month post-SBRT (p < 0.0001) but returned to baseline at 3 months. EPIC-26 irritative/obstructive score changes were clinically significant, exceeding the MID of 6.0. At baseline, 8.9% of men described their urinary function as a moderate to big problem, and that proportion increased to 37.6% 1 week following completion of SBRT before returning to baseline by 3 months.
conclusion: Stereotactic body radiation therapy for localized prostate cancer with utilization of prophylactic alpha-adrenergic antagonist and UDR was well tolerated as determined by acute urinary function and bother, and symptoms were comparable to those observed following conventionally fractionated external beam radiation therapy (EBRT). Longer follow-up is required to assess long-term toxicity and efficacy following SBRT with UDR.
Keywords: sBrT, cyberKnife, prostate cancer, quality of life, expanded prostate index composite, urethral dose reduction, aUa symptom score inTrODUcTiOn Treatment of localized prostate cancer with definitive stereotactic body radiation therapy (SBRT) has become an accepted alternative to conventionally fractionated external beam radiation therapy (EBRT). However, acute urinary symptoms, such as frequency (1), weak stream (2) , and dysuria (3) , are common to both modalities during and after treatment due to the proximity of genitourinary structures (4) . Patient comorbidities and large prostate volumes may increase the risk for symptoms (5) (6) (7) (8) (9) (10) , and neoadjuvant androgen deprivation may lessen their incidence and severity in patients treated with brachytherapy (11) . Technical factors, such as the radiation dose to the bladder and urethra, as well as overall treatment time, may also impact the severity of such symptoms (12) (13) (14) (15) . Alpha-adrenergic antagonists are commonly used to manage urinary symptoms during and following radiation therapy (16) , and clinical trials have suggested that prophylactic alpha-antagonists may decrease the peak severity and duration of urinary voiding symptoms following brachytherapy (17, 18) .
The pattern of acute urinary toxicity following SBRT appears similar to that of conventionally fractionated EBRT and brachytherapy (19) . Many patients suffer from acute urinary symptoms, whereas a minority of patients experience moderate to severe late symptoms (20) . Following SBRT, acute urinary symptom scores peak 1 week after the completion of treatment (21) and return to baseline by 3 months. However, a minority of patients experience a clinically meaningful increase in their urinary symptoms >6 months after the completion of treatment (22) . Late urinary symptom flare is associated with high bladder doses, inhomogeneous plans, and high prostatic urethral doses (23) (24) (25) . This late urinary symptom flare resolves with conservative management (22) .
Late urinary symptom flare may result from the high prostatic urethral doses seen in relatively inhomogeneous SBRT plans (20) . Previous studies of urethral sparing with both EBRT and brachytherapy have demonstrated unacceptable levels of local recurrence (26) . Urethral dose reduction (UDR) aims to reduce the risk of late urinary toxicity without significantly increasing the risk of local recurrence (27) . Urethral catheter (UC) placement prior to simulation is a commonly used technique to identify the prostatic urethra. This approach is invasive, increases patient discomfort, and may increase the risk of iatrogenic urethral strictures. Furthermore, UC placement may distort the urethral anatomy, resulting in possible planning inaccuracies (28) . Simple surrogates, such as a cylinder at the geometric center of the prostate, are especially inaccurate at the base (29) . 3-T magnetic resonance imaging (MRI) provides an ideal non-invasive procedure to accurately identify the position of the urethra (30) .
We have modified our institutional protocol to incorporate prophylactic alpha-adrenergic antagonists and limit the maximum urethral point dose to 110% of the prescription dose (40 Gy), as previously described for brachytherapy (31) with the aid of 3-T MRI. We aim to reduce the incidence and severity of urinary symptoms without a concomitant increased risk of local failure. In this study, we describe our current treatment approach and report our acute urinary toxicity outcomes for patients undergoing UDR with prophylactic alpha-adrenergic antagonist utilization.
MaTerials anD MeThODs

Patient selection
Patients eligible for study inclusion had prostate cancer treated with SBRT with prophylactic alpha-adrenergic antagonist use and UDR at MedStar Georgetown University Hospital. All patients provided informed consent prior to treatment. The Georgetown University Internal Review Board (IRB) approved this single institution prospective quality of life (QoL) study (IRB 12-1175) .
sBrT Treatment Planning and Delivery
Stereotactic body radiation therapy treatment planning and delivery were performed, as previously described (32) with 35-36.25 Gy was prescribed to the PTV in five fractions. The bladder, prostatic urethra, and membranous urethra were separately contoured and evaluated with dose-volume histogram (DVH) analysis to meet pre-specified planning objectives ( Table 1 ) using Multiplan (Accuray Inc., Sunnyvale, CA, USA). The prostatic urethra was contoured on T2-weighted MRI sequences, and a planning risk volume (PRV) expansion was not employed. Treatment plans consist of hundreds of pencil beams using the IRIS variable aperture collimator (Accuray Inc., Sunnyvale, CA, USA). Plans were inhomogeneous by design to maximize dose to the prostate and to minimize dose to adjacent critical structures. The prescription isodose line was set at a minimum of 80% to limit the prostatic urethral dose such that the volume receiving 40 Gy was <0.03 cc. Radiation was delivered in treatments of approximately 40 min duration using the CyberKnife Radiosurgical System (Accuray Inc., Sunnyvale, CA, USA) every other day over the course of 11 days in total. Target position was confirmed multiple times during each treatment with a minimum of three properly placed fiducials (33) . Prophylactic alpha-adrenergic antagonists were initiated 5 days prior to SBRT and continued until resolution of urinary symptoms. Bothersome urinary symptoms arising during or following treatment were managed with alpha-adrenergic antagonist dose increases from 0.4 to 0.8 mg daily if deemed necessary by the treating physician (Sean P. Collins). Refractory symptoms were treated with a short dexamethasone taper (2 mg daily for 7 days followed by 1 mg daily for 7 days).
Follow-up and statistical analysis
Overall health-related QoL was assessed at baseline using the EQ-5D survey with higher values indicating better QoL (34) .
Patients completed a paper questionnaire including the American Urological Association Symptom Index (AUA) (35) and the Expanded Prostate Cancer Index Composite-26 (EPIC-26) (36) on the day of the first SBRT fraction and during routine follow-up 1 and 3 months after the SBRT completion. One week following the completion of treatment, surveys were administered via phone interview by the study nurse practitioner (Thomas M. Yung). AUA scores range from 0 to 35 with higher values representing worsening urinary symptoms. To compare changes between time points, responses were assigned a score, and the significance of mean score changes was assessed by paired t-test. The EPIC-26 is a validated survey that measures urinary function and bother. Responses to the EPIC-26 questionnaire were grouped by physiologic domains and assigned numerical scores. The multi-item scale scores were transformed linearly to a 0-100 scale, as recommended in the scoring instructions for the EPIC-26. Lower numbers correspond to worse function and increased bother. The paired t-test and Wilcoxon signed-rank test were used to assess significance of the change in scores. For each physiologic domain question (Questions 4a-e) and the overall urinary bother question (Question 5), responses were grouped into three clinically relevant categories (no problem, very small to small problem, and moderate to big problem). Chi-square analysis was used to assess significance of proportional changes in each of the clinically relevant categories. The minimally important difference (MID), which is used to assess clinically significant change from baseline, was set as a half SD of the baseline mean (37).
resUlTs
One hundred two patients with localized prostate cancer were treated with SBRT and followed for 3 months to evaluate acute toxicities. . All patients met pre-specified planning objectives ( Table 1) . Representative 3-T MR and CT images show the prostatic urethra located centrally at the apex with anterior deviation as it approaches the bladder neck (Figures 1 and 2) . Consistent with a healthy elderly population, the mean baseline EQ VAS was 82.5 ( Table 3) . Baseline EPIC-26 urinary domain and AUA scores show that the majority of patients had mild to moderate lower urinary tract symptoms prior to receiving SBRT ( Table 3) . The mean AUA symptom score at 1 week and at 1 month post-treatment increased from 9.06 to 11.83 (p = 0.0024) and 11.84 (p = 0.0024), respectively (Table 4; Figure 3 ), although these statistically significant increases were of borderline clinical significance (MID = 2.87). The mean AUA score essentially returned to baseline at 3 months (Table 4; Figure 3) .
Mean changes in EPIC-26 urinary domain-specific scores from baseline are shown in Table 4 and Figure 4 . The EPIC-26 irritative/obstructive score decreased at 1 week and 1 month with a mean change of −13.6 (p < 0.0001) and −9.9 (p < 0.0001), respectively, post-SBRT. These declines were both statistically and clinically significant (MID = 6.0, Figure 4A) . The EPIC irritative/obstructive score returned to baseline by 3 months (mean change = +0.18, p = 0.25) (Table 4; Figure 4A ). There was no clinically significant change in the EPIC incontinence score during the first 3 months following SBRT (Table 4; Figure 4B ). The EPIC urinary bother score declined transiently at 1 week and 1 month, with mean changes of −24.3 (p < 0.0001) and −14.1 (p < 0.0001), respectively, following treatment ( Table 4) . These declines were both statistically and clinically significant (MID = 11.9). By baseline, while urinary retention and urinary frequency increased significantly 1-week and 1-month post-SBRT but returned to baseline by 3 months (Table 5) . Dysuria increased significantly and improved, but did not return to baseline, by 3 months following completion of SBRT ( Table 5) . Regarding overall urinary bother (Question 5 of the EPIC-26), 50.5% of our cohort reported some level of bother due to urinary symptoms, and 8.9% of patients reported that urinary symptoms were a moderate to big problem. One week and 1 month following SBRT, 37.6% (p < 0.0001) and 18.2% (p < 0.0002) of our cohort reported that overall urinary bother was a moderate to big problem ( Table 6 ). Patient-reported urinary bother returned to baseline by 3 months, with 8.0% (p = 0.66) of the cohort reporting a moderate to big problem. Radar plots summarize the time course of individual symptom bother before and after SBRT in Figure 6 . Urinary frequency and weak stream bother peak at 1 week and gradually return to baseline by 3 months following completion of SBRT, while dysuria peaks at 1 week and improves but does not return to baseline by 3 months. Table 7 summarizes urinary morbidity data at 1 and 3 months for relevant brachytherapy and SBRT series.
DiscUssiOn
Most patients develop acute voiding symptoms which peak 1-2 weeks following SBRT for localized prostate cancer (20) . Although evidence for early urinary morbidity is growing (44) , this study is among the first to comprehensively assess urinary morbidity at 1 week following SBRT. We have prospectively employed several approaches to minimize urinary symptoms following SBRT. The overall treatment time has been extended from 5 to 11 days (15), prophylactic alpha-adrenergic antagonist use was initiated prior to treatment, and the maximum point dose to the prostatic urethra was limited to <40 Gy. Our prior treatment approach allowed for central prostatic point doses up to 45 Gy (20) . Given reports of high rates of treatment failure with urethral-sparing approaches (26), we designed our current UDR approach to maintain excellent disease control while reducing late urinary toxicity. In this study, we report a small statistically significant increase in the AUA score 1 week following SBRT. However, the increase of approximately three points was of borderline clinical significance and compares favorably with prior trials (21) . Consistent with previous reports from our institution (20) and others (45) , the mean AUA score remained elevated 1-month post-treatment and returned to baseline by 3 months. It is significant that the peak rise and duration of post-SBRT AUA score elevations was less than reported for patient receiving prophylactic alpha agonists for low-dose rate (LDR) brachytherapy (18, 46) . Furthermore, these results indicate that QoL outcomes at 1 week are similar to those at 1 month following completion of SBRT, suggesting that early follow-up is redundant. Despite an apparent lack of utility for research purposes, we have maintained the institutional policy to call patients 1 week following SBRT to optimize medical management and provide reassurance if needed. We have reported an SBRT-induced increase in acute urinary irritative and obstructive symptoms with little impact on urinary continence. The EPIC irritative/obstructive score decreased at 1 week and 1 month following treatment, with a return to baseline by 3 months. There was no clinically significant change in the EPIC incontinence domain during the first 3 months following SBRT. Although dysuria increased significantly from baseline and did not resolve at 3 months following SBRT, anecdotal clinical evidence suggests that dysuria tends to take more time to resolve than other urinary symptoms, which may account for this observation. However, overall urinary bother may be more important to the patient than specific urinary symptoms. We found that moderate to severe overall urinary bother increased following SBRT from a baseline of 8.9-37.6% 1 week following treatment. As seen with conventionally fractionated EBRT, this increase in urinary bother decreased at 1 month and returned to baseline by 3 months following completion of treatment (19) . Urethral dose reduction does not eliminate acute urinary morbidity following SBRT, and dose effects on other genitourinary structures may serve as better predictors of acute urinary toxicity. In a study of patients undergoing LDR brachytherapy, bladder neck D2 cc was a better predictor of acute urinary toxicity than typically employed dose-volume constraints for the prostatic urethra (14) . However, the goal of UDR is to improve long-term patient QoL, specifically by mitigating urinary symptom flare occurring at 12 months post-SBRT (20, 22) . With longer followup of this patient cohort, we will examine the effects of UDR on the incidence and severity of late urinary symptom flare. Future Recently reported results from the PATRIOT trial, which randomized patients to an every-other-day (11 days in total) or once-weekly (29 days in total) fractionation scheme, suggest that extension of total treatment time to 1 month may decrease acute urinary morbidity (47) . In our experience, extending overall treatment times beyond 2 weeks is unnecessary and may be burdensome to some patients. Importantly, the PATRIOT trial did not show an increase in irreversible late morbidity in the 11-day group. Furthermore, our 11-day treatment regimen was well tolerated with no patient requiring catheterization; patients' symptoms were short lived and resolved with conservative medical management. Our study shows that an 11-day SBRT treatment course with prophylactic alpha-adrenergic antagonist use and UDR is well tolerated with regard to acute urinary toxicity. Further follow-up of this cohort will be necessary to evaluate late urinary toxicity and ensure equivalent treatment efficacy to SBRT without UDR for localized prostate cancer.
cOnclUsiOn Stereotactic body radiation therapy for clinically localized prostate cancer with UDR and prophylactic alpha-adrenergic antagonist use was well tolerated with acute urinary function and bother comparable to conventionally fractionated EBRT. In the first 3 months following treatment, the impact of SBRT on urination was minimal. Longer follow-up will be required to assess long-term morbidity and efficacy following SBRT with UDR.
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